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A l'vITCROSCOPICSTUDY OF SOME VO CANIC
ROCKS IN THE VICINTY OF BUTTE
Introduction
The rhyolite rocks in the vicinity of Big Butte present a very
interesting, though complicated study. Its seems that no extensive
or conclusive work has ever been done upon these extrusives. In
working upon this problem for ITVr thesis in senior geology at the
Montana School of Mines, I have found that the rhyolites present
a very inti9resting problem, especially mi.croscopically, and .that no
doubt an intensive study along these lines will solve the problems
concerning age relations of different flows and origin of the magma
that produced the material for emanations.
The field and laboratory work was done during the winter and
spring of 1932-33. Some of the thin-sections are made from a rhy-
olite collection made by 11r. Uun:o ~inen during the summer of 1931.
The excavations by the Natural Gas Company for the laying of pipe-
lines afforded an excellent apportunity to study the ryholite at
that time.
General Geology of The Butte District*-
The general geology of the Butte district is relatively simple
in that all of the rocks are igneous in origin and none of them are
older than Cretaceous in age. Here, as is the history of most ig -
neous emanations, the first magmas to crystallize ere andesitic in
type, and causing little mineralization. That mineralization did
not accompany each successive extrusion or intrusion of magma i' dpen
*.eed, W. I., Geology and ore deposits of tho '-3uttedistrict, f!ontana:
u.S. Geol. Survey Prof. paper 74,1912.
to debate, but until more evidence can be shown, I consider a magmatic
differentiation hypothesis, where all mineralization occurred during
the later period of igneous activity.
The Butte section lies from 5000-6500 feet above sea-level. Being
on the eastern edge of the Northern Rockies one would expect extreme
ruggedness in this region but the copper mining district and the rhyo-
lite-andesite areas to the north and west are of only moderate relief.
Rainfall is relatively scarce, though winter season is generally quite
extended.
The early andesi te phase, coming after the Rocky 1~ountain folding,
and erosion of 1liddle Cretaceous age is represented by augite, andesite,
andesite breccia and tuffs, and amygdaloidal andesite. These rocks
are said to have extruded from Thundc bolt Mountain and a vent near Elk-
horn. The andesite breccia occurlssnear the ventsand flows radiating
from them, grading from basalt in earlier flows to andesite in later
ones. The andesite west of ~i~ Butte and north of Ramsay, stands out
in long parallel ridges lying in a northeasterly direction. Their deep
red color is quite autstanding.
Following an interval of erosion and formation of conglomerates,
and earth movements the granite phase made its appearance in Eocene
times. This is the main "formation of the Boulder .Jatl:,olit h The por-
phyritic granite of this formation is traversed by different well-
defined systems of joint planes, is extensively decomposed in scme lo-
calities, and weathers into rugged crags, monoliths, and great boulder
masses which form the picturesque scenery of this region. The Butte
aplite, (Spec. o. 3319 of collection) more or less common in the copper
district is older than the oldest of fault systems and of this period,
antedating the quartz-monzonite-porphyry.
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Fissuring and vein filling preceeded the rhyolite emanation. The
granite of the district proper has been intruded by three sets of near-
ly vertical faults, the oldest striking east-west, highly mineralized,
the second northwest and the youngest northeast. 'I'he peculiar zoning,
that is tne copper center, the zinc-copper and the perip~€ral zinc zones
are of interest here. The rhyolite flows, presenting the most varied
rock types in the district are of economic interest. They not only
cover veins on the surface, but also intercept and cnte off ore deposits
as shown in underground workings.
Distribution of Extrusive Rocks
bout one fifth of the Butte district is covered by rhyolite.
These rocks are of a light color, and present a variety of types, oc-
curring in both dikes, cutting granite and andesites and as extrusive
lavas 'and fragmental rocks.
Andesite specimens were taken from Hail Columbia gulch and north of
the Nettie workings. This occurts just to the northwest of Big Butte
(isand extends as far north~Deer Lodge. (?)
The intrusive rhyolites occur in many long sinuous dikes west ~
Butte and east of the extrusive forms. They also form the volcanic plug
of Big Butte. Extrusive types are found west of Big Butte and north
toward Hail Columbia gulch.
An agglomerate* closely resembling the Livin[ston la~a flows is
found cropping out in a small gully on the east slope of Big 3utte and
also in lhiskey gulch near the Nettie Mine. Careful and more extensive
sear.ching should reveal mare )f this formatLo~, Whic~, from all appear-
ances was ane oT the latest extrusions. Perhaps the Eelative scarcity
'" loosely cemented rock wi th a gray ground mass a nd included, rounded
pebbles of white rhyolite. (See spec. no. 3'23.)
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of this agglomerate can be accounted for by its very uncompact charac-
ter. Such a rock can be eroded away readily, and especially when in
thin sheets superimposed upon a more resistant formation.
The very nature of the ~hyolites, so far as this study shows, de-
fies any attempt of classification of zones and the sistribution of
these zorneswithou an exceedingly extensive and intensive field and mi-
croscopic study.
The Structure of The Extrusive
The more ~otable anomalies of structure in the rhyolites are the
included fragments, which show direction of flowage, and the jointing
planes. 1~. Halse, in his thesis study of structure, made many obser-
vations along this line and found that where rhyoli.tes overlie vain
structure the jointing is greatly confused. Such a study should throw
some light upon the sources of the various flows of rhyolite; the an-
desite is known to have its source near Elkhorn.
Textural Characteristics of The Rhyolites
As varied as are the different types and occurrences of the rhy-
olite, so is the texture. Roughly, however, they may be divided into
three classes; (1) the smaller dikes, containing the hard, fine-grained
rocks, (2) the large dikes and flows with the coarse grained, por-
phyritic types, and (3) the agglomerates.
Some of the characteristic fine grained types are exemplified in
samples no'~ 3320 and 3321. Hegascopi cally these rocks show fine lathe-
shaped ferro-magnesium m~nerals, no large fragments of feldspars and
few grains of quartx of recognizable size. When struck with a hammer
they have a hard, sharp metallic ring. Specimen no. 3320 shows in-
clusions of a red material, probably andesite.
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The softer, loose grained rocks (samples spec. no's 3303 and 333)
have large crystailisof plagioclase, orthoclase, quartz and ferromagne-
sium minerals. In the specimen no. 3303 are flakes of biotite, one
noted was nearly'3/8 of an inch in diameter. The specimen, a very white
colered porphyritic type found in a long sinuous dike just west of the
School of Mines, also shows large phenocrysts of plagioclase.
The andesite,a very loose-grained type, yields much hematite in
some places. The red material in the cut of Broadway just a block
north of the School of Mines gymnasium is ~robably due to the decomposi-
tion of the h~ghly ferruginous andesite. The andesite has large fragmen-
tal crystals of plagio~lase, and some quartz is present in sizeable crystals.
Theinclusion~ arE?notabie and help to date, roughly, the various
flows. Andesite vary,ing ~n fragments from 1/4 to 2 inches in diameter may
be found in 'a white rhyolite flow mear Hail Columbia gulch (Specimen no.
3:517). The whfte rhyolite may in turn be found in an agglomerate on the
,east slope of Big Butte, and near the old Nettie mine. These agglomerate
"
beds resemble cILosely t'heLivingston lava beds exposed along South Bould-
er Creek and near the Mayflower mine in .Tefferson County south of Vlhite-
liTicroscopicCharacteristics
hall, Montana.
fuen made into thin-sections and observed under the microscope,
th~ rhyolite loses its unimpressive character, soito speak, and many
,interesting thi.ngs are noted. Megascopically the rhyolite presents
sh~des of brown, buff, and white,and ordinary porphyritic textures.
Thin-sections show one group of similarities, n~lely, the predominace
of'zoning and twinning the plagioclases, the presence of altered or-
€!hlorite. The microscope shows that it has the essential character-
thoclase and qua~tz, and the alteration of biotite to iron oxides,and
_,,5.,
istics to be classed as a rhyolite, though by some it may be consid-
ered as a granite prophyry since it is crystalline. The smaller phen-
ocrysts are plagioclase and orthoclase, the former predominating. The ~
ground mass consists of alkali feldspar and quartz. Both the feld-
spars are altered, though as mentioned above, the plagioclase is altered
less than the orthoclase, a condition contrary to that noted in the
alteration of granites. The alteration is showen by patches of seri-
cite along cleavage planes. The fragmental but unaltered character
would show the magma producing the rock was partly crystallized be-
fore the mass reached its final resting place.
Descriptions of thin sections may best portray the true character
of the rhYQlites. The large scale map of the Butte district, included
in this report, has the position of each specimen marked on it.
Figure I.-Photomicrograph showing a crystal of plagioclase, gEeatly
fractured peripherially, perhaps along lines of zoning. The dark
lines along t.inning planes show a graphic intergrowth of quartz.
Specimen no. 3301. Magnification,20x.
-6-
Micro(lCscription of Spec. No. 3301
Plagi-oclase-The plagioclase occurs in slightly altered but greatly
fractured crystals. Albite twinning predominates and
the low extinction angle, 2v<200, proves the mineral
to be oligoclase. Zoning is especially good.
The quartz is not so highly shattered, though one largeQ,uartz
crystal in this section shows a geeat deal of alteration.
Since most of its crystals are more nearly euhedral one
would suspect that it is somewhat earlier than the quartz.
Orthoclase- The orthoclase is not as common as the plagioclase but is
present as shown by one large carlsbed twin.
Anorthoclase and Microcline- 'I'hepresence of these minerals is noted
in several small fractured but unaltered crystals showing
quadrillage.
- The biotite intersects several of the quartx crystals and
proves to be highly altered to chlorite and iron oxide.
In most cases it shows a great deal of contortion.
Hornblende- The hornblende appears as small lath-shape crystals and
Biotite
nearly square as the 001 face is intersected. The crystais
preserit show little alteration.
A ground mass, white in color and composed of sericite and fine
grained quartz is shown in this section.
Microoescription of Spec. No. 3312
The specimen possesses a soft loose texture and is white in color.
The ground mass is white sericite and fine grained quartz. The absence
of feldspar crystals is noticeable.
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Biotite -The occurrence of biotite in this section is rare and that
noted was highly altered and contorted.
~uartz -~uartz is present as shown by several euhedral crystals, and
many fractured pieces.
Figure 2.--Photomicrograph showing zoning.
Specimen No. 3317. Mangifi~ation, 20x.
Zoning is shown beautifully in this section. The one large plagio-
clase crystal to the upper left center of the field illustrates zoning
exceptionally well. TWinning, graphic quartz and some peripheral zon-
ing is clearly demonstrated in the shattered plagioclase crystals in the
fielde This broken-up. condition prevails in all of the specimense
This specimen is from andesite in white rhyolite dike near Hail
Columbia Gulch.
Feldspar -Plagioclase of the oligoclase variety predominates in this
rock. Pericline and albite twinning forms are common.
The brecciated crystals show zoning and little alteration~
The presence of microcline was determined by several fragments
showing quadrillage.
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Several highly altered carlsbad twins of orthoclase are found here.
FerromagnesiUDl mineral-Biotite occurs in highly altered and distorted
crystals.
Hornblende as in most cases of the rhyolite examined, is rare show-
ing only in a few shattered crystals.
~uartz occurs only in small fragments and as a graphic intergrowth.
The ground-mass of the andesite portions is a light red color, due
no doubt to hematitic stains; that of the rhyolite inclosing the ande-
site is white composed'fine grained quartz and sericite.
Figure 3.--Photomicrographcshow-
ing specimen No. 3320. Magnifi-
cation, 65x.
An exceedingly fine degree
of zoning is noted in this crys-
tal. The fracturing is due to
movement after crystallization.
Little alteration has taken place.
Figure 4.--Photomicrograph show-
ing specimen No. 3320. Magnifi-,
cation, 30x.
Zoning to an extreme degree
is,shown in this photo. The deep
black streaks along cleavage planes
in the plagioclase fragment to the
right are of graphic quartz. The
broad white line on the crystal to
the left is due to strains post-
solidification.
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This specimen was taken fram a white rhyolite dike containing frag-
ments of andesite. (See large map.)
Plagioclase-The zoning of the plagioclase in this specimen as shown by
the photos is phenomenal. It illustrates the high degree of
differentiation from the albi 1:.« to the anorthite end of the
pls,gioclase aeries, And yet the twinning of the non-zoned
crystals definitely and regularly show a low angle of extinc-
tion, or the mineral oligoclase. Some brecciation has oc-
curred but alteration has proceeded little.
-There are few crystals of quartz in this specimen and noneQ.uartz
are euhedral.
The ground-mass is white and bright, light red. Many of the
crystal spaces are filled with Fe203.
Specimens marked with a head note U.S. are taken from U. Sahinen's
collection which I labeled during the winter of 1932-33. There are ap-
proximately 100 specimens in this collection.
Micro-description of Spec. No. 5.U•8•
The ground~ass of this specimen is soft and white, being composed
mainly of sericite.
Plagioclase-Zoning am..dperi cline twinning predominate in this specimen
and fracturing is prevalent. The ~ow extinction angle
(2V less than 200) marks it as oligoclase.
Orthoclase -Tnere are a few altered crystals of orthoclase. This was
determined by the presence of several Carlsbad twinso
Biotite -Several "hexagonal" crystals of biotite seem quite startling
in this specimen, though they are but acutely cut 001 faces
of a monoclinic crystal. These were the only euhedral
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crystals of biotite noted. No alteration had taken place.
Q,uartz - Severa~ euhedral crystals and some fracturing is present
in the quartz. It also occurs in graphic intergrowths.
U.S.6•.Micro-description of Spec. No.•
The ground mass of this specimen is a dirty broWll,white. The,
brown stain due perhaps to limonite, a alteration product of the ~erro-
magnesium mineral.
Plagioclase-This specimen was the only one examined that showed a
large extinction angleo (2v=5001 Albite twinning is quite
common. The crystals are much altered and fractured.
Biotite - Biotite is present as a few lath-shaped crystal.
Q,uartz -The quartz'present accurs mainly as euhedral unaltered
crystals.
•
Figure 5--Photomicrograph showing the checker-board zoning and twin-
ning of plagioclase, so common in this specimen. 'I'hecrystal to the
upper center shows twinning and brecciation. Specimen NQ.14 U.S.
Magnification, 70x •
Micro-description of Spec. No. 14U•S•
Plagioclase-Zoning and brecciation prevails. Low extinction angles
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proves this mIDneral to be in the range of oligoclase.
Cleava~e planes are filled with graphic Quartz. No
orthoclasw was present.
Biotite - Large broad flakes of unaltered biotite are common.
Quartz -A few crystal of Quartz are present, some euhedral,
and some fractured and altered.
~.
Figure 6-- Photomicrograph showing the specimen No. 32a U,S'Mag_
nification, 65x. The arrow points to a fractured crystals of great
interest. The pencil marks are to show more clearly this boundar-
ies. Perhaps a combination of zoning and twinning can explain this
Queer crystal of plagioclase. Zoning is clearly showen in the large
crystal to lower right of the picture. A lath-shaped fragment of
biotite appears in the lower right-hand corner. The ground mass
and jumbled appearance may also be noted here.
Tv~icro-descriptionof Spec. Uo. 32aU'S'
Plagioclase-VIany different kinds of.twinning make this specimen
quite interesting. Pericline, microline, and albite
twinning are all present. Alteration has accurred but
very little.
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Quartz -Graphics intergroth and a few euhedral crystals are char-
acteristic of this specimen. 'The low content of silica
in the rhyolite may easily be noted from this regular
scarcity of quartz in all of the specimens.
-Lath-shaped strained and contacted fragments of biot.ite
occur in rair abundance. Alteration to Fe203 is common
but not intensive.
Biotite
Conclusion
This problem of research has proven quite valuable to me, in
that I have learned to apportion and evaluate time. Several months
were spent in the drawn of tracings and maps which are of no great
consequence to me. This time could have been spent more wisely in
the making of thin~sections and microscopic study. These rhyolites
present many optical anomalies when studied microscopically and
therefor present and exceedingly interesting but difficult problem.
Economically, the Butte rhyolitesare not important for the
minerals they may carry, but the fact that the dikes intersect and
cut off many ore bodies. The extrusives cover many of the veins.
Further work with the rhyolites would be quite necessary to
establish any definite conclusions. 1m new detailed field map should
be made of the area, and many specimens collected. The study of a
great many thin-sections would perhaps yield the required results.
As far as this study has been carried no conclusions could be drawn
as to the microscopic anomalies extrusive and intrusive masses.
Samples from narrow dikes and loosely compacted agglomerates show
the same brecciated character and extensive zoning phenomena.
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